###### Strengths and limitations of this study

-   To the best of our knowledge, this is the first systematic review and meta-analysis comprehensively summarising the available evidence on the effectiveness and safety of chemoattractant receptor-homologous molecule expressed on Th2 cells (CRTH2) antagonists in patients with asthma.

-   Subgroup analyses will comprehensively address the influence of patient characteristics (inflammation phenotype, disease severity, allergic/atopic status) and interventions (pharmacological mechanism) on the efficacy of CRTH2 antagonists in asthma treatment, where sufficient data are available.

-   As there are no head-to-head trials of CRTH2 antagonists, the current meta-analysis cannot directly assess the efficacy of CRTH2 antagonists relative to each other.

-   By having no cut-off in terms of minimum duration of treatment, the study may include trials that were underpowered, which in turn may dilute any effect.

-   Since some trials are still ongoing and some trials have been discontinued without results being published, relevant data will be missed despite an extensive search.

Introduction {#s1}
============

Asthma is a chronic inflammatory lung disease affecting 235--330 million people worldwide. It represents a major societal health problem.[@R1] The goals of current guidelines for asthma management are to achieve and maintain good control of symptoms, prevent loss of lung function and minimise future risk of exacerbations and adverse effects of treatment.[@R2] Inhaled corticosteroids (ICS) are the mainstay of pharmacotherapy for good asthma control in most patients.[@R4] However, in approximately 10% of patients with asthma, even maximal ICS therapy does not ensure adequate control.[@R5] A large-scale global insight study demonstrated a higher use of quick-relief medication (short-acting bronchodilators) compared with preventative medication across all asthma severities,[@R6] indicating an unmet medical need and poor asthma control in general patient population.

As asthma is primarily a 'type 2' inflammatory disorder, new anti-inflammatory therapeutic strategies targeting this underlying pathophysiology such as the monoclonal antibodies directed against interleukin (IL)-5, IL-4 and IL-13 signalling have been successfully developed with some of them found to be highly efficacious and safe.[@R7]

A number of in vitro studies, as well as animal and human investigations, have strongly implicated the chemoattractant receptor-homologous molecule expressed on Th2 cells (CRTH2) receptor in the pathophysiology of asthma.[@R9] CRTH2 is a G-protein-coupled receptor selectively expressed by type 2 T lymphocytes (Th2 and Tc2), eosinophils, basophils and type 2 innate lymphoid cells (ILC2s).[@R12] Mediated by its ligand prostaglandin D~2~, CRTH2 signalling highly promotes the recruitment and activation of eosinophils and basophils and stimulates Th2 cells and ILC2 cells to release the type 2 cytokines including IL-4, IL-5 and IL-13, leading to the development, amplification and persistence of type 2 inflammation.[@R16] The CRTH2 receptor is therefore a promising new target in asthma, leading to the development of CRTH2 antagonists.[@R19] In vivo and in vitro observations have highlighted the appealing therapeutic potential of CRTH2 antagonists in suppressing airway inflammation in asthma[@R22] and provided a sound biological rational for its development in clinic. Until very recently, more than 20 of potent, orally bioavailable, small-molecule, competitive CRTH2 antagonists have been taken into clinical trials.[@R26] However, the clinical results have not been consistent. Some CRTH2 antagonists are developed into the late phase of clinical trials with good safety profile and promising effect in improving lung function and patient-reported outcomes and reducing exacerbations.[@R11] While some others had been discontinued in clinical development due to low effect,[@R29] undesirable tolerability or pharmacokinetics profiles.[@R26] As asthma is clinically heterogeneous with variable responses to treatment, a large interpatient variability in response to CRTH2 antagonists is also seen. It has been reported that CRTH2 antagonists contribute better improvement in lung function and asthma control in patients with greater severity of airflow limitation (forced expiratory volume in 1 s (FEV1) \<70%) and in patients with atopic status.[@R33] In summary, the available studies pose a lot uncertainties regarding the efficacy and safety of CRTH2 antagonists in the treatment of asthma.

Aim {#s1a}
---

We will undertake a systematic review and meta-analysis to summarise the evidence on the efficacy and safety of CRTH2 antagonists in patients with asthma from randomised controlled trials (RCTs). In addition, we hope to identify which asthma subgroup is most likely to show a clinically meaningful treatment response to this class of drug.

Methods {#s2}
=======

This protocol has followed the Preferred Reporting Items for Systematic Review and Meta-analysis Protocols (PRISMA-P) 2015 checklist.[@R35] Please refer to the PRISMA-P checklist in online [supplementary file 1](#SP1){ref-type="supplementary-material"}.
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Eligibility criteria {#s2a}
--------------------

### Study designs {#s2a1}

Only RCTs at least single blind with either parallel or cross-over design will be included. Observational studies (cross-sectional, case--control and cohort), case reports, case series, review articles, experimental studies with animals or in vitro, proceedings, editorials/commentaries, letters as well as policy reports comprising insufficient data to estimate the outcomes will be excluded.

### Participants {#s2a2}

Studies that recruited participants with a physician-diagnosed asthma (as per Global Initiative for Asthma (GINA) guidelines) are eligible for inclusion.[@R36] Studies that included patients who have a significant non-asthma comorbidities will be excluded.

### Interventions {#s2a3}

A comparison between a single or split dose of oral CRTH2 antagonist and placebo will be included, consecutive use of conventional therapy (eg, ICS or long-term inhaled bronchodilator) or first aid medicine (eg, short-term inhaled bronchodilator) as required are permitted in each group. Use of oral corticosteroid is not allowed within at least 6 weeks before and during the study period.[@R29] Studies using allergen challenge models will be excluded.

### Outcomes {#s2a4}

Primary outcomes of interest: (1) percentage change from baseline in prebronchodilator FEV1. FEV1 is calculated as the volume of air forcibly exhaled in 1 s as measured by a spirometer.[@R37] Baseline is defined as the last available FEV1 measurement taken prior to the first dose of randomised study drug; (2) asthma control, which is assessed with Asthma Control Questionnaire (ACQ)[@R38] or Asthma Control Test.[@R40] Data of the shorten ACQs, such as the five-item and six-item versions (ACQ-5 and ACQ-6) without assessing the last one or two items are also collected in view of their high agreement with the original one[@R41]; (3) asthma exacerbations, defined as a deterioration in symptoms requiring other medical intervention and/or hospitalisation and/or a decline in morning peak expiratory flow of \>30% from baseline on two consecutive days.

Secondary outcomes of interest: (1) adverse events (AEs). Dropouts due to side effect will also be compared between groups; (2) quality of life, which is recorded using the Standardised Asthma Quality-of-Life Questionnaire (AQLQ(S)) with four domains (symptoms, activity limitation, emotional function and environmental stimuli) comprising 32 items are evaluated[@R42]; (3) peripheral blood eosinophil count; (4) fractional exhaled nitric oxide (FENO) value.

Study search {#s2b}
------------

To identify candidate studies, a literature search will be performed in PubMed/Medline, Embase, Web of Science, Cochrane Database of Systematic Reviews, Global Index Medicus, Cochrane Central Register of Controlled Studys and Scopus for abstracts and full articles from inception to 30 December 2017. In addition, we will manually search other resources such as abstracts from major international respiratory conferences (European Respiratory Society and American Thoracic Society, 2001--2017), key journals and the reference list of all the included articles. ClinicalStudys.gov (<http://www.clinicalstudys.gov>), metaRegister of Controlled Studys (<http://www.controlled-studys.com>), ISRCTN registry (<https://www.isrctn.com>) and European Clinical Trials Database (<https://eudract.ema.europa.eu/index.html>) will also be searched for ongoing studies. For ongoing reports or studies published in abstract form, the primary author will be contacted by email to request the required data as necessary.

Search strategy {#s2c}
---------------

A search strategy based on the combination of relevant terms will be applied, with vocabulary and syntax adjusted across databases. Our search strategy includes the terms 'asthma' AND 'Prostaglandin D2 receptor 2' OR 'PTGDR2' OR 'chemoattractant Receptor-Homologous Molecule Expressed on Th2 Cells' OR 'CRTH2' OR 'D-type prostanoid receptor' OR 'DP2' AND 'antagonist' OR 'inhibitor' OR 'blocker'. Specific names of CRTH2 antagonists including 'OC000459' or 'OC459', 'QAW039' or 'fevipiprant', 'AZD1981', 'BI 671800', 'AMG 853', 'ACT-129968', 'ASP5642', 'ARRY-502', 'AZD6430', 'ADC-3680', 'MK-1029', 'MK-7246', 'ACT-129968' or 'KYTH-105' or 'setipiprant', 'BI 1021958' and so on, will be searched in combined with 'asthma" for relevant studies. Full search strategy used in Pubmed/Medline is provided in online [supplementary file 2](#SP2){ref-type="supplementary-material"}.
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Study selection {#s2d}
---------------

The selection phase will be illustrated using a PRISMA flow diagram,[@R43] with reasons specified for excluding certain articles being recorded. Studies identified with electronic and manual searches will be saved and deduplicated in EndNote. Literature search results will be uploaded to Covidence, an online software used to minimise bias and errors in study screening and data extraction. The inclusion and exclusion criteria used for screening will be pilot tested on a subset of search results. The study selection will be performed in three steps. First, two independent reviewers (WL and JM) will screen the titles and abstracts of all records identified by the search strategy in line with the inclusion/exclusion criteria to identify potentially eligible articles. Second, full texts of these articles will be obtained and assessed by the same two independent reviewers. Third, the screening results will be cross-checked. Any discrepancies relating to study selection will be resolved by consensus and/or by a third party (HJ). Agreement in title/abstract and full-text inclusion will be reported using Cohen's Κ statistic. Members of the review team will be trained in software use before starting the review.

Data extraction {#s2e}
---------------

A standard data extraction form will be designed by the principal investigator (WL) and be pilot tested on a small number of articles in Covidence. The form will be refined according to the results of the pilot test to ensure the reliability and completeness of extracted data and to facilitate the collection process. Data extraction will be performed by two independent authors (WL and JM), with a third author acting as an arbiter when consensus is not reached (HJ). A training session will be provided for all researchers involved in data coding if necessary. The information attempt to be extracted from all included studies, as/if available, is presented below:Study: first author, year of publication, journal, publication status, country/countries, start year, study stage, registration identification, sponsor/developer, funding, centres.Method: study design, duration of follow-up.Participants: sample size, age (range, mean or mean ±SD), gender distribution, method to establish the diagnosis of asthma, asthma severity, medication status, baseline sputum eosinophil percentage or blood eosinophil count, atopic/allergic status (result of skin prick test or radioallergosorbent test, history of food/drug allergy or other allergic diseases), dropouts.Interventions: intervention name, dose, frequency, treatment duration, wash-out period.Outcomes: percentage change from baseline in FEV~1~, ACQ score, exacerbation frequency, AEs frequency, AQLQ(S) score, blood eosinophil count, FENO value.Other information: conflicts of interest, funding.

As studies may sometimes be reported in several publications, we will extract data from the largest sample when possible. Corresponding authors of the original studies will be contacted to clarify article eligibility if necessary.

Management of missing data {#s2f}
--------------------------

If data are not directly reported, primary authors will be contacted. Otherwise, analysis will be conducted on the final available data, and the potential impact of the missing data will be discussed as a limitation. The proportion of missing data will be reported along with reasons, where indicated.

Quality assessment {#s2g}
------------------

The risk of bias of included RCTs will be assessed using the Cochrane Collaboration risk of bias assessment tool and reported on a per-study basis.[@R44] Two independent review authors (WL and JM) will perform the study quality assessment separately. The quality assessment tool includes seven specific domains as follows: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias) and other sources of bias (other bias). Each domain will be categorised as 'low risk of bias', 'high risk of bias' or 'unclear risk of bias'. Figures of risk of bias will be generated using Review Manager (RevMan) V.5.3.5 (Cochrane Informatics and Knowledge Management Department).[@R45]

Data synthesis and analysis {#s2h}
---------------------------

For all primary and secondary outcomes in our study, relative risks and weighted mean differences with the corresponding 95% CIs will be calculated for dichotomous (binary) data and continuous data, respectively. Statistical analysis of outcomes will be based on 'intention-to-treat' principle.

In line with standard methodology,[@R44] the statistical heterogeneity between individual studies will be assessed by the χ^2^ test for the Cochran's Q (statistically significant at p\<0.10) and quantified by the I^2^ statistics (25%, 50% and 75% is categorised as low, moderate and high heterogeneity, respectively).[@R46] Assuming the existence of variations across individual RCTs in patient population, follow-up duration, type and dosage of CRTH2 antagonist and the measurement or report methods on outcomes, the random-effects model (DerSimonian-Laird method) will be used. A narrative, qualitative synthesis will be done instead of a meta-analysis if between-study heterogeneity is high or there is no enough available data for any comparison.

Where significant heterogeneity is present, subgroup analyses for the primary outcomes will be conducted. The following covariates expected to account for clinical or methodological heterogeneity will be evaluated, as/if available, in subgroup analyses:Type of each specific CRTH2 antagonist.Pharmacological characteristics of CRTH2 antagonists: the medications are classified into selective CRTH2 antagonist alone or non-selective CRTH2 antagonist including CRTH2/D-type prostanoid dual antagonist and CRTH2/thromboxane prostanoid dual antagonist.Inflammatory phenotype (eosinophilic or non-eosinophilic): patients with a baseline proportion of sputum eosinophils ≥2% of all sputum inflammatory cells[@R47] or a baseline blood eosinophil count ≥150 cells/µL and/or a historical blood eosinophil count ≥300 cells/µL are defined as eosinophilic asthmatics,[@R48] despite corticosteroid therapy.Disease severity according to GINA guideline.[@R36]Atopic/allergic status (allergic or non-allergic): the atopic/allergic status is defined according to the history of food/drug allergy and/or other allergic disease (such as eczema, allergic rhinitis or atopic dermatitis) and/or the result of allergic examination (skin prick testing, radioallergosorbent test, etc).

We acknowledge the potential for outliers among the larger collection of studies with respect to the effect estimates. Therefore, a leave-one-out sensitivity analysis will be conducted to identify the impact of each study on the summary estimates, where substantial variations will prompt the investigation of the outlier, with a particular focus on possible factor that explain the variation. RevMan V.5.3.5 will be used for all analyses. Studies will be presented as a summary table and forest plot(s).

Publication bias assessment {#s2i}
---------------------------

Publication bias will be investigated using the funnel plot test if the number of articles is ≥10. If asymmetry is showed in the funnel plot, Egger's regression test and Duval and Tweedie trim-and-fill method will be performed.[@R49] Publication bias will be assumed at p value \<0.1. In addition, contour-enhanced meta-analysis funnel plots will be conducted to distinguish publication bias from other causes of asymmetry.[@R51] Publication bias assessment will be generated by STATA (12.0).

Evaluating the quality of evidence {#s2j}
----------------------------------

The quality of evidence for outcomes will be assessed using the approach specified by the 'Grading of Recommendations Assessment, Development and Evaluation' (GRADE).[@R44] The GRADE judgement takes several factors into account including the risk of bias, imprecision, inconsistency, size of the effect, effect of residual confounding, presence of a dose--response relationship and publication bias. The collective effects of these factors are combined to arrive at a conclusion regarding the quality of the overall body of evidence rather than individual studies. Based on the GRADE assessment, the quality of the body of evidence will be designated into one of the following categories:High (≥4 points): we are confident that the true effect lies close to that of the estimate of the effect.Moderate (three points): the true effect is likely to be close to the estimate of the effect; however, there is a chance that it is considerably different.Low (two points): confidence in the estimate of the true effect is limited; the true effect may be substantially different from the estimate.Very low (≤1 point): we have very little confidence in the estimated effect; it is likely to be significantly different from the true effect.

Ethics and dissemination {#s2k}
------------------------

Ethical approval is not required for this systematic review since the data will be anonymised. Results of this systematic review will be disseminated via publication in a peer-reviewed journal and conference presentations.

Patient and public involvement {#s2l}
------------------------------

No patients or public were involved in this study.

Discussion {#s3}
==========

Asthma continues to be a significant health concern. In the current era of undertreatment, the development of effective drugs for patients with asthma remains an important focus for respiratory researchers and clinicians. As a new emerging treatment, orally bioavailable CRTH2 antagonists have been in clinical trials to assess their safety and efficacy. However, the evidence from available studies has been conflicting. A comprehensive systematic review may play an important role in increasing scientific certainty, informing clinical decisions and subsequent studies. The current protocol is designed for the first systematic review and meta-analysis to synthesise evidence on the efficacy and safety of CRTH2 antagonists in patients with asthma.

Studies in asthma have shown a strong correlation between increasing levels of CRTH2 expression and significant blood and sputum eosinophilia.[@R9] Eosinophilic inflammation has been associated with more severe asthma and atopic conditions in general asthma populations.[@R53] In the current review, we extract details about inflammatory phenotype, disease severity and atopic status to try to evaluate the influence of these variables on the efficacy of CRTH2 antagonist by stratified analyses. Results of this review will define patients who are most likely to achieve clinically significant benefit with CRTH2 antagonist treatment, which may finally enhance the care provided to patients with asthma.
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